Vaccinia virus antigens, in HeLa cells treated with the antipox virus drug isatin p-thiosemicarbazone (IBT), were analyzed by immunoprecipitation, followed by sodium dodecyl sulfate-polyacrylamide gel electrophoresis. The total radioactivity in the immunoprecipitate was decreased to almost 50% in the presence ofthe drug as compared to its absence. An inhibition also occurred with an IBT-dependent mutant (IBP) when growing in the absence of IBT. However, similar levels of radioactivity were observed in the immunoprecipitates from an IBT-resistant mutant (IB1') grown in either the absence or presence ofthe drug. When the antigens within the immunoprecipitates were analyzed by sodium dodecyl sulfate-polyacrylamide gel electrophoresis, it was shown that the inhibition observed in the wild-type-infected cells in the presence of IBT and in the IBP-infected cells in the absence of the drug, was quantitative, affecting the amounts of the different polypeptides more or less equally.
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Isatin (-thiosemicarbazone (IBT) is an efficient drug active against pox-viruses, which inhibits late stages during virus growth (21) . Viral deoxyribonucleic acid (DNA) and early viral proteins are synthesized in the presence of the drug; however, the viral DNA fails to be coated with proteins and remains sensitive to deoxyribonuclease (4, 26) . Easterbrook (4) , who studied vaccinia virus infection in KB cells in the presence of IBT, did not observe inhibition in viral antigen synthesis, even at the late period after infection, using complement fixation and fluorescent-antibody staining techniques. On the other hand, Appleyard et al. (1) followed rabbit pox infection in HeLa cells by precipitation in agar and found that several late viral antigens were missing in the presence of IBT.
The aim of the present study was to analyze the antigens formed in the absence and presence of the drug, using the combined method of immunoprecipitation followed by sodium dodecyl sulfate (SDS)-polyacrylamide gel electrophoresis. An IBT-resistant mutant (IBTR), recently isolated by us@, served as a control in this study. precipitations were performed by incubating 0.5 ml of the radioactively labeled soluble antigen preparation with 0.5 ml of a 1:5 dilution of the rabbit antiserum in a tapered glass tube at 4°0 for 15 h. The mixtures were then centrifuged at 1,000 x g for 10 min. The supernatant fluids were removed, and the pellets were rinsed twice with 1 ml of ice-cold PBS. The washed pellets were drained of excess fluid and resuspended in 0.2 ml of PBS. Polyacrylamide gel electrophoresis. Gel electrophoresis was performed essentially as described previously (22) . Gels (10 by 0.6 cm) were prepared of 7.5% acrylamide, 0.2% N',N-methylene bisacrylamide in 0.1 M sodium phosphate (pH 7.1), and 0.1% SDS. Prior to use, excess catalyst was removed from the gels by electrophoresis at 5 mA/gel for 1 h. The samples for electrophoresis (50 ul) were reduced and dissociated with 2% SDS and 1% mercaptoethanol for 1 min at 1000C. Sucrose was added to 10% and 100
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Al was applied to each gel. Electrophoresis was carried out at 3.5 mA/gel for 17 h. After electrophoresis, the gels were placed in 10% trichloroacetic acid, stained with 0.1% Coomassie brilliant blue in 10% trichloroacetic acid, and washed in 7.5% acetic acid. The gels were sliced into 1-mm fractions, the slices were dissolved in H202, and radioactivity was measured.
Isotopes and drugs. 
RESULTS
The antiserum used in this study was prepared by repeated inoculations of a purified vaccinia virus (WT, strain WR) preparation into rabbits. As a result, active replication of the virus occurred in the rabbits, and a wide spectrum of antibodies, also to nonstructural proteins, was made. If virus replication induces synthesis of proteins coded for by the genome of the cell, it is unlikely that these proteins would be antigenic for rabbits. Thus, the antiserum prepared would be expected to detect only those proteins coded for by the viral genome. However, it will not detect all of these proteins equally, since viral-induced polypeptides differ in their antigenicity and also in the amount at which they are produced.
First we examined the neutralization capability of the antiserum and its specificity for virus-induced antigens, and then the immunoprecipitate and its polypeptide composition were analyzed.
Neutralization of virus infectivity. The capability of antiserum, prepared with the WT strain, to neutralize the infectivity of the virus was examined. Purified WT virus suspension was incubated with the antiserum diluted 1:10 at 370C. At time intervals, samples were removed, diluted 100-fold, and kept on ice. The samples were then used to infect monolayirs of BSC1 cells. The results presented in Fig. 1 show the kinetics of the neutralization of virus infectivity by the antiserum. Amost 90% of the infectivity was neutralized within the first 3 min, and then the rate of neutralization was reduced. Neutralization of virus infectivity by the antiserum was also observed in embryonated eggs. These findings indicate that the antiserum used in this study was efficient in neutralizing the infectivity of virus in both in vitro and in vivo systems.
Specificity of the immunoprecipitation reaction. The characterization of intracellular viral proteins by immunoprecipitation requires adequate serological specificity and conditions that yield maximal precipitation of viral polypeptides. HeLa cells were infected with a purified stock ofthe WT strain ofvaccinia virus at a multiplicity of infection of 10 plaque-forming units/cell. The radioactively labeled methionine was added 2 h after infectior a time when host-cell protein synthesis was greatly inhibited (3, 5, 9, 14, 16, 18, 20) . The cells were harvested 7 h after infection. A soluble antigen fraction was prepared from the cell cytoplasm as described in Materials and Methods. After immunoprecipitation, radioactivity in the trichloroacetic acid-precipitable fraction ofthe immunoprecipitate was determined. Preliminary studies revealed that a 1:5 dilution of the antiserum was very efflcient in the immune precipitation reaction, when undiluted soluble antigen fraction was used. Table 1 show that the immune serum precipitated 100-fold more labeled antigens from infected cells than from uninfected cells and that the serum from the preimmunized rabbit precipitated less than 2% of proteins, as compared with labeled proteins precipitated by the rabbit antiserum.
Identification of viral polypeptides in the immunoprecipitate. The virus-induced polypeptides, which are made in cells after vaccinia virus infection, are divided into two groups (17, 25) . The first consists of viral polypeptides, the synthesis of which takes place before initiation of synthesis of the viral DNA. These polypeptides are "early" ones and are made also when DNA synthe* is blocked by inhibitors of DNA synthesis. The second group are the "late" polypeptides, which are produced after synthesis of the viral DNA. Since IBT affects late stages during vaccinia virus growth, we examined the viral antigens formed during this period. Cells were labeled with [35S]methionine between 4 and 7 h after infection with vaccinia virus and then were harvested. The [35S]methionine-labeled polypeptides of the cell cytoplasm were separated by polyacrylamide gel electrophoresis ( Fig. 2A) . When the soluble antigen fraction of these cells was run in the gels, a similar pattern was obtained (Fig. 2B) . However, in the immunoprecipitate (Fig. 2C) , mainly three polypeptide peaks were observed, one migrating at 2 cm and the other two located at the gel area between 4 and 5 cm. The first migrates in the gel region, which is characteristic for the polypeptide P4a, a high-molecular-weight precursor of the virion core polypeptide 4a (12, 13, 15) . The identification of this polypeptide as P4a can be confirmed by its tryptophan deficiency (12) . Infected cells were labeled with
[3H]tryptophan. The high-molecular-weight polypeptide was very poorly labeled, as compared with the other polypeptides of the cytoplasmic extract (Fig. 2D) , of the soluble antigen fraction (Fig. 2E) , and of the immunoprecipitate (Fig. 2F) parallel. The sera used for the immunoprecipitation were rabbit sera taken before the first injection of the antigen and at the end of the immunization procedure. The radioactivities of the soluble antigen fraction and the immunoprecipitate, after precipitation in cold trichloroacetic acid, were determined and calculated per culture. than twice as high when the cultures were grown in the presence of IBT as in its absence. It can be concluded that almost 50% of the viral antigens precipitated by the antiserum are formed under the nonpermissive conditions, either when the WT strain is grown in the presence of IBT or when the IBTD mutant is grown in the absence of the drug. Next we analyzed the labeled antigens of the immunoprecipitate, to determine whether the decrease in the radioactivity is quantitative rather than qualitative. The immunoprecipitates were dissolved by treatment with SDS and mercaptoethanol at 100°0, and the polypeptides were separated by SDS-polyacrylamide gel electrophoresis. Equal amounts of radioactivity (approximately 100,000 cpm) ofeach sample were applied to each gel. The results are presented in Fig. 3 . In the WT-infected cells, it is possible to detect all the main viral polypeptides, which are synthesized in the absence of IBT, in the IBT-treated cells. There is one prominent radioactive peak formed in the presence of IBT (at gel slice 32) that appears in significantly smaller amounts in the absence of IBT. This peak is the virus core polypeptide 4b, which is known to be integrated into virus particles during virus maturation (13) . Because the block in virus maturation occurred in the presence of IBT, this polypeptide may fail, to a certain extent, to integrate into the forming virus structures and therefore is found in excess in the soluble antigen fraction and in the immunoprecipitate derived from the IBT-treated cells. The immunoprecipitate of the IBTP mutant, obtained from cultures grown in the absence and presence of IBT, consists of a similar labeled polypeptide profile, except that the high-molecular-weight polypeptide (P4a) appears at a somewhat higher level in the presence of IBT. In the immunoprecipitate of the IBT'P mutant, all the main virus antigens are seen in both the absence and presence of IBT. Polypeptide 4b appears in a higher amount in the absence of IBT, perhaps because of partial failure of its integration into the particulate fraction under the nonpermissive growth conditions (absence of IBT).
It is possible to conclude that the decrease in the radioactivity of the immunoprecipitate of the WT infection in the presence of IBT and of the IBTD infection in the absence of IBT is quantitative rather than qualitative. DISCUSSION The methods previously used to determine whether IBT prevents synthesis of vaccinia viral antigens were complement fixation, fluorescent antibody staining and precipitation in agar. In the last few years, a technique was introduced that enables the analysis and identification of the antigens that comprise the immunoprecipitate by polyacrylamide gel electrophoresis. This method was previously used with adenoviruses (7), influenza virus (2), oncornaviruses (19, 23, 24) , and herpes simplex virus (6) . Analysis based on this technique enables detection of those virus-induced polypeptides that are efficient antigens, even if they are present in the infected cells in relatively low quantities. It is possible that a virus-induced polypeptide would not be revealed when gel electrophoresis only is used, because its migration is identical to that of another polypeptide. The combined methods of immunoprecipitation and gel electrophoresis can preferably detect a polypeptide when it is a better antigen. The rabbits were injected with infectious purified vaccinia virus grown in HeLa cells. The injected virus caused local infection in the rabbits, so that the antibodies produced were directed against both structural and nonstructural virus-induced polypeptides and not against normal rabbit antigens. Cell extract from uninfected HeLa cells gave very low levels of precipitation with the rabbit antiserum (Table 1). Furthermore, no significant radioactive polypeptide was detected after gel electrophoresis of such an immunoprecipitate (not shown).
By determination of the radioactivity of the immunoprecipitate, it was possible to show that there is approximately a 50% inhibition of viral antigen synthesis between 4 and 7 h after infection as a result of the presence of IBT in WTinfected cells. Similar inhibition was observed in IBTD-infected cells in the absence of the drug. However, when the immunoprecipitates were analyzed by SDS-polyacrylamide gel electrophoresis, no antigen was missing from the preparation of the WT-infected cells in the presence of the drug or from the IBTD-infected cells in the absence of the drug. This suggests that the inhibition observed in the total radioactivity of the immunoprecipitate resulted from a slow-down in protein synthesis, due to the block in virus maturation, and not an inhibitory effect on synthesis of a certain polypeptide of the soluble fraction. The failure of Appleyard et al. (1) , who followed rabbit pox infection in HeLa cells treated with IBT, to detect few viral antigens by precipitation in agar may be a consequence of the decrease in synthesis of these antigens and the lower sensitivity of the technique of immunoprecipitation in the agar that was used. Although we previously had observed partial inhibition of the cleavage of the polypeptide P4a forming 4a in WT-infected cells in the presence of IBT, and also in IBTD-infected cells in the absence ofthe drug, the lower level of 4a was not detected in the present study. The reason for this is that 4a does not appear in the soluble fraction of the cell cytoplasm and its cleavage from P4a is strictly associated with a particulate fraction (13) . Only when the total cytoplasmic fraction of the cell is examined, after SDS and mercaptoethanol treatment at 100°C, can the lower amount of 4a be observed.
